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Abstract 
Personality plays an important role in determining human health and risk of earlier death. However, 
the mechanisms underlying those associations remain unknown. We moved away from testing 
hypotheses rooted in the activities of modern humans, by testing whether these associations are 
ancestral and one side of a trade-off between fitness costs and benefits. We examined personality 
predictors of survival in 283 captive western lowland gorillas (Gorilla gorilla gorilla) followed for 18 
years. We found that of four gorilla personality dimensions—dominance, extraversion, neuroticism 
and agreeableness—extraversion was associated with longer survival. This effect could not be 
explained by demographic information or husbandry practices. These findings suggest that 
understanding how extraversion and other personality domains influence longevity requires 
investigating the evolutionary bases of this association in nonhuman primates and other species. 
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1. Introduction 
A large body of literature indicates that who we are or our ‘character’ has major consequences related 
to our health [1]. Most strikingly, studies indicate that lower levels of neuroticism and higher levels of 
conscientiousness, agreeableness, openness to experience and aspects of extraversion linked to 
positive affect, and activity are related to reduced risk of all-cause mortality [1,2].  
Humans are not the only primate species for which personality is a determinant of health. For 
example, studies of rhesus macaques found that ‘nervous temperament’ was associated with more 
neutrophils, lymphocytes and both CD4+ and CD8+ T cells [3], and that sociability was associated 
with better immune response directly or by moderating the effects of stressful situations [4]. These 
and similar studies suggest that insights into personality evolution can be gained from studying 
personality and health outcomes in closely related species [5]. To these ends, we examined 
personality and longevity in western lowland gorillas (Gorilla gorilla gorilla). 
Western lowland gorillas, henceforth gorillas, and humans shared a common ancestor 
approximately 10 Ma. Sequencing demonstrated that for approximately 30 per cent of the genome, 
gorillas are closer to humans or chimpanzees than the latter two species are to each other [6]. This 
phylogenetic proximity is reflected in gorilla personalities, which resemble those of their hominid 
cousins. Gorilla personality includes reliable, validated dimensions labelled dominant, extroverted, 
fearful, and understanding [7,8]. The first is not a measure of rank, but resembles dimensions 
associated with competitive prowess and labelled dominance or confidence in other primates [9]. The 
latter three resemble dimensions labelled extraversion, neuroticism, and agreeableness, respectively, 
in humans, chimpanzees and orangutans [10–12].1 
We predicted that gorillas lower in neuroticism and higher in extraversion and agreeableness 
would live longer. Should this be the case, the most parsimonious explanation would be that 
associations between these personality dimensions and mortality in humans were present in the 
common ancestor of gorillas and humans. Moreover, based on a review of primate social hierarchies 
and health, we predicted that gorillas lower in dominance will experience more stress and, 
consequently, have poorer health [13]. In addition, we tested for interactions of personality and other 
potential predictors of mortality. For example, given the influence of social instability on rhesus 
personality and immune functioning [3,4], we tested whether there was an interaction between 
personality and the number of transfers between facilities an individual experienced. 
Previous SectionNext Section 
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2. Material and methods 
 
(a) Subjects 
 
We derived our sample from 298 gorillas whose personalities were rated in 1993 [7]. These gorillas 
represented over 98 per cent of gorillas in the North American Gorilla Species Survival Plan (SSP) 
over 1 year in age and lived in 43 North American institutions accredited by the Association of Zoos 
and Aquariums. For our study, we excluded 15 of these gorillas: eight had unknown rearing histories, 
one had missing personality data, five died from fire exposure, and one died from gas exposure. 
At the time their personalities were rated, these gorillas (mean age = 16.5 years ± 10.8 s.d.) 
included 130 males (mean age = 14.4 years ± 10.1 s.d.) and 153 females (mean age = 18.4 years ± 
11.1 s.d.) living in 42 institutions. Ninety-one subjects were wild-born; 82 were captive-born and 
parent-raised; and 110 were captive-born and hand-raised. 
 
(b) Mortality surveillance 
 
We used the Gorilla SSP studbook to gather data on survival time from 1 March 1993 through to 15 
August 2011. If a gorilla died during this period, we coded their mortality status as 1 and defined 
survival as the number of days between 1 March 1993 and date of death. If a gorilla was still alive we 
coded their mortality status as 0 and survival time was defined as 6741, the number of days between 1 
March 1993 and 15 August 2011 (the censoring date). 
 
(c) Personality 
 
Gorilla personality was assessed using the Gorilla Behavior Index (GBI; appendix B in [7]). The GBI 
includes 25 behavioural adjectives paired with brief descriptors, e.g. ‘Active: moves about a lot.’ 
Ratings were made on a 1 (‘the item is weakly represented’) to 5 (‘the item is very strong and 
conspicuous, approaching the extreme’) scale. We computed z-scores for the personality dimensions 
based on factor definitions from the previous study ([7]; table 1). For a more detailed description of 
the rating procedure, see the electronic supplementary material. 
 
(d) Covariates 
 
Because sex and age effects on personality have been found in chimpanzees [14] and gorillas [8], 
respectively, we included these variables in our models. This ensured that any significant effects of 
personality could not be explained by their association with sex or age. To rule out confounds related 
to rearing, we included two sets of coded variables derived from information in the studbook. The 
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first set included two dummy coded variables. One captive-born, mother-reared gorillas to wild-born 
gorillas. The other compared captive-born, hand-reared gorillas to wild-born gorillas. The second set 
included two dummy-coded variables indicating number of transfers (no transfers, 1 transfer, 2+ 
transfers) to new facilities before the personality ratings. 
 
(e) Data analysis 
 
We fitted six survival models using accelerated failure time analysis [15]. Based on preliminary 
analyses, we specified a Weibull distribution for survival time. Analyses were conducted using the 
survreg function in R [16]. In each model, predictors were entered simultaneously and thus were net 
of all other predictors. For ease of interpretation, associations between survival time and the 
predictors were expressed via the deceleration estimate (ĉ), which indicates the percentage difference 
in lifespan associated with a 1 unit change in the predictor. This estimate is computed by determining 
the antilog of the predictors' effects, i.e. raising the base of the natural log (e) to the power of a 
predictor's parameter estimates (b), and multiplying the value by 100. 
The baseline model included sex, age in years at the time of the personality assessment, 
rearing type, birth type, number of transfers and the personality dimensions. This model was then 
compared with four models, each of which included four terms representing the interaction between 
one covariate and each of the four personality variables. The first tested for sex × personality 
interactions. The second tested for age × personality interactions. The third tested for rearing × 
personality interactions. The fourth tested for transfers × personality interactions. We compared 
models using difference χ2 tests and Akaike's information criteria (AIC; [17]). 
 
3. Results 
 
Over the follow-up period, 119 subjects died. Days to death ranged from 93 to 6741 (median = 3923, 
mean = 3614.2 ± 1942.9 s.d.). Age at death ranged from 2.4 to 55.7 years (mean = 31.7 ± 11.7 s.d.) 
and was normally distributed with half of the deaths occurring at 34.1 years or younger. 
The baseline accelerated failure time model in which survival time was predicted by sex, age, 
background, number of transfers, and the four personality dimensions had the lowest AIC; none of the 
models that added interaction terms significantly improved model fit (table 1). The baseline model 
(table 2) indicated that females lived longer than males and that each year in age was associated with 
reduced survival time, though neither effect was significant. In this same model, being captive-born 
and mother-reared versus being wild-born was not related to survival time. There was also no 
significant effect of background; captive-born gorillas, whether mother- or hand-raised, did not differ 
in length of life from their wild-born counterparts. Compared with subjects that were not transferred, 
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there was no significant effect of being transferred one time or being transferred two or more times. In 
terms of personality, only the effects of extraversion were significant, with each standard deviation 
being associated with just over a 30 per cent increase in lifespan (see figure 1). 
We conducted two additional analyses. The first sought to determine whether the extraversion 
effects were influenced by a higher mortality rate in infancy and was based on 179 subjects that were 
at least 10 years old at the time of the initial assessment. The effect of extraversion in this subsample 
was significant (ĉ = 1.354, 95% CI = 1.046, 1.754, p = 0.022). The second was conducted to 
determine whether the non-significant effects of age and number of transfers were attributable to the 
confounding of age and number of transfers, i.e. older animals would have been transferred more 
throughout their lives than younger animals. To do so, we fitted three additional models. The first 
only included sex and age as predictors. The second only included sex and number of transfers. The 
third only included sex, age, and number of transfers. The first model revealed that older animals had 
shorter survival times (ĉ = 0.951, 95% CI = 0.937, 0.965, p < 0.001). The second model revealed that, 
although subjects transferred one time did not have significantly different survival times than subjects 
who were never transferred (ĉ1 versus 0 = 0.699, 95% CI = 0.468, 1.042, p = 0.079), subjects 
transferred two or more times lived just under half as long as those who were never transferred (ĉ2+ 
versus 0 = 0.511, 95% CI = 0.352, 0.743, p < 0.001). The third model revealed that, after adjusting for 
age, the difference in survival time between individuals transferred once and those not transferred was 
not significant (ĉ1 versus 0 = 1.090, 95% CI = 0.727, 1.632, p = 0.677). The same was true for the 
difference between subjects that were transferred two or more times and those who were not 
transferred (ĉ2+8 versus 0 = 1.167, 95% CI = 0.770, 1.769, p < 0.466). Thus, the absence of 
significant age and transfer effects in our model are probably explained by these effects being 
confounded by other predictors, including personality. 
 
4. Discussion 
 
More extraverted gorillas lived longer than their more introverted peers; this association was not 
confounded by age or sex, rearing condition, or how many times the gorilla was transferred. This 
finding also did not reflect infant mortality or the deaths of very young gorillas. This finding is 
consistent with human studies [1,2] and suggests that the association between extraversion and 
longevity may have been present in the common ancestor shared by humans and gorillas. We would 
thus expect to find similar associations between extraversion and longevity in chimpanzees and 
bonobos who share this common ancestor [6]. 
These results suggest several causal mechanisms. First, like rhesus macaque sociability [4], 
gorilla extraversion could be a biomarker for differences in the functioning of the immune system. 
Second, gorilla extraversion could be related to stronger social ties and support that, as in humans, 
buffer individuals from the effects of environmental stressors [18]. Evidence consistent with this 
6 
 
includes a study that showed an association between extraversion and higher rates of affiliation in a 
subsample of these gorillas [8]. Another possibility is that low extraversion could be linked to 
cardiovascular disease, which is the primary cause of mortality in captive gorillas [19]. 
Our other predictions were not supported. Neuroticism and agreeableness were not associated 
with survival. One possible explanation is that the association between these two personality 
dimensions and mortality emerged before the homo–pan split, approximately 2–4 Myr later [6,20]. If 
so, we would expect that neuroticism and agreeableness would be associated with chimpanzee and 
bonobo longevity. Alternatively, these null results may be an artefact of captivity as regular veterinary 
care, adequate nutrition, and lack of predation may buffer against untoward effects of higher 
neuroticism and lower agreeableness. Finally, these non-significant results may be attributable to 
gorilla social structure. Adult lowland gorillas typically live in cohesive single-male groups [21]. On 
the other hand, chimpanzees, bonobos and humans live in large multi-male–multi-female groups 
characterized by fission–fusion dynamics [22]. In the latter type of social groups, increased aggression 
associated with lower agreeableness [23] may lead to more frequent conflict with other group 
members and, hence, higher stress levels and hypothalamic-pituitary-adrenal axis activation. 
Similarly, living in large, complex and ever changing groups may lead to mortality differentials 
between individuals who differ in their susceptibility to stress. If differences in social structure were 
responsible, we would expect to find associations between these personality dimensions and longevity 
in chimpanzees, who live in large complex groups ([24]; but see [21]), but not in orangutans, a 
semisolitary species [25]. 
Contrary to our prediction, dominance was not associated with longevity. One possible 
explanation is that the zoo environment mitigated the effects of low dominance. For example, among 
wild gorillas, male and female dominance are related to competing over mates and food, respectively. 
As both are probably reduced or eliminated in captive environments, the consequences of related 
behaviours or physiological responses may be reduced. If so, we would expect to find a positive 
association between dominance and survival time among wild gorillas. 
One limitation of the study was that data on cause of death, health outcomes and blood 
chemistry were unavailable. We were thus limited in our ability to understand the route by which 
extraversion led to longer life. Future researchers should attempt to replicate these findings and, 
together with zoological parks, collect these data for new studies on personality and health in gorillas 
and the other great apes. 
Another limitation is that we cannot conclusively rule out the possibility that the association 
between extraversion and longevity may be confounded by characteristics of the gorillas' enclosures 
or social groups. For example, it may be that gorillas who were housed in small social groups 
appeared to be lower in extraversion and that these small social groups led to poorer health. To 
examine the possibility of confounding by zoo characteristics, we conducted two supplementary 
analyses. First, we tested whether social group size was a potential confound. This involved fitting a 
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model identical to the baseline model, but including the number of subjects with personality data in 
each zoo as a proxy for social group size. The effects of extraversion held (ĉ = 1.318, 95% CI = 1.042, 
1.667, p = 0.021). Second, we tested for the possibility of any other potential confounds related to the 
zoo environment or animal husbandry. Like the previous supplementary analysis, this involved fitting 
a model identical to the baseline model, but including the zoological park identity as a categorical 
variable. In short, we statistically adjusted for any differences across zoological parks in the housing 
and husbandry of the gorillas. The effects of extraversion in this model also held, and were somewhat 
stronger (ĉ = 1.558, 95% CI = 1.188, 2.043, p = 0.001). Thus, it is unlikely that the effects of 
extraversion were confounded by zoo level differences in housing and husbandry. In fact, differences 
among zoological parks seem to have ‘masked’ the effects of personality. Still, future researchers 
could learn much about this association by examining the degree to which these this association can 
be explained by specific differences in husbandry procedures, social group composition, physical 
environments, and enrichment. 
This study revealed that the association between dispositions related to sociability, activity, 
and positive affect with longevity may have evolved at least 10 Ma. In doing so, it highlights ancestral 
fitness benefits of personality traits that might explain what kind of selection pressures maintain 
personality variability in humans [26] and our gorilla cousins. These findings also highlight how 
understanding the natural history of personality is vital to insuring the continued health and well-
being of gorillas and other great apes, including ourselves 
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Endnote 
 
1 For consistency, we adopted labels used in previous studies. 
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Tables and Figures 
 
 
Table 1. 
 
Nested comparisons of accelerated failure time models to test for interaction effects. (n = 283. −2LL, 
−2 log likelihood of model; χ2, model chi-square; d.f., model degrees of freedom; Δχ2 and Δd.f., chi-
square and degrees of freedom difference between the baseline and comparison models; p-value, 
significance of Δχ2 with Δd.f; AIC, Akaike's information criterion.) 
 
 
model −2LL χ2 d.f. Δχ2 Δd.f.  p-value  AIC 
baseline 2418.2 65.78 10    2438.2 
add sex × personality 2413.8 70.22 14 4.44 4 0.350 2441.8 
add age × personality 2415.6 68.36 14 2.58 4 0.630 2443.6 
add background × personality 2413.6 70.38 18 4.60 8 0.799 2449.6 
add transfers × personality 2415.0 69.05 18 3.27 8 0.916 2451.0 
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Table 2. 
 
Parameter estimates from the baseline model. (n = 283. ĉ, deceleration estimate; 95% CI, 95% 
confidence interval.) 
 
 
parameter 
estimates 
b s.e. p-value  ĉ (95% CI)  
intercept 9.202 0.422 <0.001  
female sex 0.187 0.150 0.212 1.205 (0.899, 1.617) 
age at personality rating −0.024 0.015 0.103 0.976 (0.949, 1.005) 
captive-born, mother-reareda 0.402 0.297 0.177 1.494 (0.834, 2.676) 
captive-born, hand-reareda 0.412 0.246 0.094 1.510 (0.932, 2.447) 
1 transferb 0.154 0.221 0.486 1.166 (0.757, 1.797) 
2+ transfersb 0.331 0.241 0.170 1.392 (0.867, 2.235) 
extraversion 0.272 0.120 0.023 1.312 (1.038, 1.658) 
dominance −0.051 0.072 0.479 0.950 (0.826, 1.094) 
neuroticism 0.108 0.072 0.134 1.114 (0.967, 1.283) 
agreeableness 0.004 0.077 0.958 1.004 (0.864, 1.167) 
log(scale) −0.317 0.084 <0.001  
 
 
    aEffect compared with being wild-born. 
 
    bEffect compared with never being transferred. 
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Figure 1. 
 
Unadjusted days to death or censoring for quartiles of extraversion (n = 283).  
 
 
 
